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COLNRADY DEPARTMENT OF HEALTH
nallat on Control Division
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MAXIMUM CONTAMINANT LEVELS FOR RADIUM~-226, RADIUM-228, AND GROSS
ALPHA PARTICLE ACTIVITY IN COMMUNITY WATER SYSTEMS

The following are the maximum contaninant levels for radium-226,
radium-228, and gross alpha particle activicy in community water systems

a combined radium-226 and radium-228 -- S pCi/1l
b gross alpha particle activity (including radium-226 but excluding

radon and uranium) -- 15 pCi/l

MAXTMUM CONTAMINANT LEVELS FOR BETA PARTICLE AND PFOTON RADIOACTIVITY
FROM MAN-MADE RADIONUCLIDES IN COMMUNITY WATER SYSTEMS

I
The average annual concentratlon of beta particle and photon radio- ,
activicy from man-made radionuclides in drinking water provided by |
communlty water systems shall not produce an annual dose equivalent |
to the total body of any internal crgan greater than 4 mrem/year l
Except for the radionuclides listed below, the concentration of man-made
radionuclides causing 4 mrem total body or organ dose equivalents shall

be calculated on the basis of a 2 liter ver day drinking water 1intale

using the 168 hour data listed in "Yaximum Permissible Body Burden and

Maximum Permissible Concentration of Radionuclides 1in Air or Water for

Occupational Exposure', NBS Handbook 69 as amended August 1963, U S

Department of Commerce If two or more radionuclides are present, the

sum of their annual dose equivalent to the total body or to anv organ

shall not exceed 4 mrem/year

AVERAGE ANNUAL CONCENTRATIONS OF RADIONUCLIDES ASSUMED TO PRODUCE A TOTAL
BODY OR ORGAN DNSE OF 4 mrem/YEAR

pC1
Radio~uclide Craitical Orgzan per liter
triciun total body 20,000
stroiczun~-90 bone marrow 8
Colornrip Neaarg=err o0F Heal ™ -~ R 3 uW(C sage 3
Dev Jar
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APPENDIX II1I
LIMITS OF SENSITIVITY

Lower 1imits of dgtection {LLD's) are based on the 4.5,A E C Health.and
safety Laboratory Procedures Manual (HASL-208, 1972). . -

£

The calculated LLO w11l be f:&;ﬁrted based upon 3(:1:&51 measurement when thes
are available Otherwise the Tollowing LLD will Be reported, which are based
upon nominal (average} measurements. & o

A WATER ANALYSIS

Gross alpha 7.0 pCi/L - .

1
2 Gross beta 6.0 pCi/L ; < |
3 Plutonium-239 0.02 pCifL - 7 -
4. Tritium 300 peiL e | | .
8 AIR ANALYSIS . ST . .
1 Gross algha funcorreéted to densfty thickness by -
Individual somples <’ .. e N
e stapions s0ed) o el
-x ‘Statigds (3000 #?)° > 004 pCi/nd

i to density thighness) . f

i

IndtHdual s, ] Tig s .
S APC statisie {1500 ags T e I - pef M3

D-x statiod
3 Pmtotlﬂ 8?5239 "1 (
ndividual samples usicg il

{3000 w9} - - 7 - - 03 . pCi /3
ing 174 sample} - - 4
APC stations (100°W3) ~ 00019 pCr/m
D-x statieds (3000 &%) & - 00099 pCi/md
Monthly composifes (using 1 1fch? per sample) o
APC statiens (1500 m3/ssmple x 8 samples) - 00037 pCi§ fm3
D-x stations (3000 é/;amle é 13 samples) 00011 fﬁﬁif"ﬂ:}
Quarterly composites (usigg,? inc he per sample) L
feample x 23 sampims) 00033 pi /m3

APC stations (1500 m
C  SOIL ANALYSIS

i
1 Plutomum - 239 0.08 pCi/gm 18 dpm/gm

L4

A "lower detection limi t" far fluorometric uranium analysis 1s reperéed by the
Water Quality Laboratory as 3 ug/L, or 2 pla/l at 1sotoprs equi hibrium, and 1s
defined as "three times bac kyround”

Ea

COL ORADO. DEPARTMENT OF HEALTH 3-
Radration Control Division/Radiation Counting Facilaty ;
Rev 1/84
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Station

RF-2
RP-3
RF-4
RF-5
RE.-6
RF-7
RE-8

TABLE C
PLUTONIUM -AND TOTAL LONG-LIVED ALPHA
. ~ CONCENTRATIONS IN Al - ,
= - June 1987 - I

DATE py2dsrzdo Total 10119-11& ed
Honth/Guarter (pCi/nd) ; - ALPHA (pEi/m3) -

09/86
09/86
05/86
09/86
09/86
08486
09/86

05/87
85/87

05/87 =~
05/87
05/87 ..
05/87
05/87

s

NOTE: Total Lopg-d fveé“&m -and Piﬁtoﬁium error
" terms_are Basedoh the 2. sfma counting error
for the single analysis,
* Nomisal valus. for ag;mfnmsd!tecuma
£ activit¥~;reziii§¢z; ’f%pendix HI.:
The stindard ¥or geners }ation exposure
for soluble Pu. is &nz ﬁCi E

f

i

1
R VLY TR




Station
R F Pond A-3

R F Pond B-3

Monthly Average

Walnut Creek
at Indiana

Monthly Average

Broomfield

Monthly Average

Woman Creek
at Indiana

Westminsterx**

Monthly Average

e

Date
06/12/87

06/03/87
06/10/87
06/17/87
06/27/87

*06/01/87
06/03/87
06/05/87
06/08/87
06/10/87
06/12/87
06/15/87
06/17/87
06/19/87

*06/22/817

*06/24/87

*06/26/87

*06/29/87

06/03/87
06/10/87
06/17/87
06/24/87

06/01/87

06/10/87
06/24/87

TABLE D

WATER SURVEILLANCE SUMMARY
(INDIVIDUAL SAMPLES)

June 1987

ALPHA

18
7
8

® 6
4

¥ 5
<4

12

22

7
5

<6

<5
<b
t )
<6
x4

® 6

<8
<4

£ 3
+ 3

<5

<3
<3

<3

Page 5

Activity (pCi/1)
BETA

7+ 4

NNOT N

® W W
Lo R -

<8

S N O Y

<8

<5

<5
6% 4
10 ¢ 4

<6

TRITIUM
<350

<350
<350
<350
<350

<350

<350
<350
<350
<350
<350
<350
<350
<350

<350
<350
<350
<350
<350

<350

<350

<350
<350

<350




Station
Arvada
Boulder
Golden

North Table
Mountain

CDH (ppt)
0-4 (ppt)

Planned Releases

A-4
B-5
c-2

TABLE D
WATER SURVEILLANCE SUMMARY
" {INDIVIDUAL. SAMPLES)
. Jupe 1987 1
| . . RrvfseIn) |
Date " ALPHA T BEI& TRITIUM
06/24/87 <3 . - 5 <350
o8/29/87 ¢+ 3§ - % <350
os;gp;m - . f %g
06/19/87 S ' <380,
06729/87 - oy 73
06/08/87 . . o T o
067/19/87 = e . . <380
06729787 . <350
05/27/87 744 11 &
05/27/87 8+4 14 :
05/27/87 gd 844
- |
NOTE. Error terms ame hasedna the 2 sigma
Counting error for the siagle &nmalysis.
Nominal values for the.minimum: detectable -
activity are’1isted Ta Appendix Il1.
* = No sample collected” -
** = weekly composite ‘
ik o hi-ﬂi‘? compasite =0 3 -
SI unit equivalent: " 1 pCi/T1 2.0.037 Bg/) | g
20 pCi/1 «:0.74 Bg/1 -
*exk No Trituim results this month * . .



Station
R F Pond A-3
R F Pond B-3

Monthly Average

Halnut Creek
at Indiana

Monthly Average

Broomfield

Monthly Average

Woman Creek
at Indrana
Westminsterx**

Monthly Average

12

Date
05/06/87

05/06/87
05/13/87
05/20/87
05/27/817

05/01/87
05/04/87
05/06/87
05/08/87
05/11/87
05/13/87
05/15/87
05/18/87
05/20/87
05/22/87
05/25/87
05/27/87
05/29/87

05/06/87
05/13/87
05/20/87
05/27/87

05/06/87

05/13/87
05/27/87

TABLE D
WATER SURVEILLANCE SUMMARY
(INDIVIDUAL SAMPLES)
May 1987

Activaty (pCi/1)

ALPHA

Page 5a

BETA

TRITIUM
<350

<350
<350
<356
<350

<350

<350
<350
<350
<350
<350
<350
<350
<350
<350
<35V
<350
<350
<350

<350

<350
<350
<350
<350

<350

<350

<350
<350

<350




-

TABLE D

WATER SURVEILLANCE SUMMARY
(INDIVIDUAL SAMPLES)

May 1987
Pgtig;éipcm )
Statfon Date .* ALPHA TE¥ BETA TRITIUM
Arvada 05/19/87 SN <350
Boulder 05/13/87 G . <350
Golden 05/13/87 e 4 <38
North Table 05/19/87 L <m0
Mountain L e . P
COH (ppt) E O
0-4 {ppt) 05/04/87 - ” 4 <350
056787 Fei © <350
05/18/87 . T <380,
05/22/61 - < - F ¢ <350
35125/87 - T B R 3 <350
Plamned Releases ' 5 :Ej} _ YT } .
= -"?; 2 - < ::5 )
A-4 05/27/87 . P e £ <380
B-5 os/21/87 . - CLE D 5 <30
C-2 0s/27/87  ° - i 4350
NOTE  Error terms are based on the 2 sigma
counting error for the sigfie analysis. .
Nominal values for the mi num. detectable :
activity are Tisted in Appendix 111
* = No simple collacted )
** = weekly composite - '
*** = bi-weekly composite Lo
SI unit equivalent: 1 pCi/1 =.0.037 Bg/1 :
2 p6i/1 =0.74 Bg/1
j
i a
j
* ;
1
3

Page 6a




TABLE E-1
WATER SURVEILLANCE SUMMARY
MONTHLY COMPARISON DATA
POND A-3
1986 and 1987

ALPHA BETA TRITIUM
(pC1/1) (pC1/1) (pCi/1)
Date
1986
June 4 £ 3 7¢%4 <350
July <5 <5 <350
August <5 6 = 4 <350
September 4 £ 3 54 433 ¢ 160
Oc tober 64 5+ 4 <350
November 30 %6 22 £ 4 <350
December*
Annual Data <7 <7 <358
1987
January <4 14 ¢ 5 <350
February <3 <5 <350
March 54 1304 <350
April 35+ 8 20 %5 <350
May 5% 3 4 +3 <350
June 186 7%4 <350

NOTE Error terms are based on the 2 sigma counting
error for the single analysis
Nominal values for the minimum detectable activity
are listed 1n Appendix III
* = No sample collected
SI unit equivalent 1 pCi/1
20 pC1/1

0 037 Bq/1
0 74 Bg/1

Page 7
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Date

1986
June
July*
August*
September*
Oc tober*
November
December
Annual Data
1987
January
February
March
Aprm1l
May
June

TABLE E-5
WATER SURVEILLANCE SUMMARY
MONTHLY COMPARISON DATA
WOMAN CREEK AT INDIANA
1986 and 1987

ALPHA BETA
(pC1/1) (pC1/1)
5+ 4 <5
<3 <5
<3 <5
<5 <5
4 £ 3 <5
<4 <5
<4 <5
<4 <5
5z 3 64
54 54

TRITIUM
(pC1/1)

<350

<350
<350
<350

<350
<350
<350
<350
<350
<350

NOTE Error terms are based on the 2 sigma counting

error for the single analysis

Nominal values for the minimum detectable activity

are listed 1n Appendix III

* = No sample collected

SI unit equivalent 1 pCi/
20 pCiN

Page 11

0 037 Bq/1
0 74 Bg/1




g e g . [ET .

R LbY 5130 = (/iad
,;s ﬁ_,x #&%u& 1 judteAnba 3 jun IS ’

"111 xipudddy u} Bﬁ& 33?% vy WG Sv) JOf SBRLEA: JubNON - ¢y
JIERUFMOD | %3 LONp A Jpu) wmuTE = UL :
ef‘se §§£w§.§ dups LenpiA lpul unmixey = X ,
,; veom Jjjae] _.%ﬁ i}
SRR ST 33&3 u§:z§e JO aaquey = § 13i0M
os¢%"  09g>  0§€> % gY 5> £ £> £ 2 aunp
33 0ge>  0§6? § 9 24 £ X 34 4 »N.
., mq 958 - 615> i 8 9> £ v L T £ L bady.
05¢> 0s¢>  0s€> v §> $ 5 £, € £ ¢ yauey
0$E*® os€>  0s5e> gy §> §> £> £> £> P Aepigad
0s€> 05¢> 0s¢> g> G> “§> £> G p> e Kenuep
\ _ £861
ﬁ% -~ 0§E> 0§ . ] g & S 2 L £» 74 ejeg |enuuy
058> oge> 08¢ X i gt g £> £ ¢> 1 4 3qWADAY
0s5¢> 0se>  0§¢> i §> > g2 £> £ e 2 4 DGUAA ON
aﬂv omm,.v sﬂv va m,v mv mv mv mv n ..338
0s¢> 05>  0§¢> g> 6> g £> £ £> 2 19qua3das
83 s>  0se> G> g §> £> 9 §> 2 Isnbny
05e> - 0§e> G> 6> §> £> £> £> 2 Agnp
0se>  pse> b 6> e £> L G> 2 aunp__
9861
uL xeu X ‘ujuw *xew X uw *xeu X N aeg
(1/42d) - (1/12d) - (1/19d) -
WAILTYL V138 VHd IV
L8617 pue 9861
YALSNINLS3N
V1Va NOSIUVAWOD ATHLNOW &

AUVIRNS FDRVITI3AUNS V3LV ;
9-3 318Vl




7/4LL(

Date

1986
June
July
August
September
October
November
December
Annual Data
1987
January
February
March
Aprii
May
June

TABLE E-7

WATER SURVEILLANCE SUMMARY

MONTHLY COMPAR ISON DATA
ARVADA
1986 and 1987

ALPHA BETA
(pCi/1) (pC1/1)
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
22 <5
<3 <5
<2 <5

NOTE

TRITIUM
(pCi/1)

<350
<350
<350
<350
<350
<350
<350
<350

<350

<350

<350
907 + 164

*

<350

Error terms are based on the 2 sigma counting

error for the single analysis

Nominal values for the mimimum detectable activity

are 11sted 1n Appendix III

* = No sample collected

SI unit equivalent 1 pCi/1
20 pC1/1

Page 13

0 037 Bg/1
074 Bg/1

*




TABLE E-8
WATER SURVEILLANCE SUMMARY
MONTHLY COMPAR ISON aamv
NONTH TABLE MOUNEAIN -
1986 and 1987

f

ALPHA - BETA TRITIUM
(pCi/1) - (pC1/1) (pCt/1)
Date .
1986 | - P
June k2 5 -
July B ¥ - <5 r <380
August <2 - <8 D <3%0
September @ <5 . . <350
~Oc toher 3 %2 <8, : <350
Novegber o, 4v2 o . K = .. <35 ~
December ) 2 C <5 " < <380
Annual Data .- <2 <5 - - T <350
1987 - S . ,
January 2 - <8 i .0 380
Fébruary < ) <5 %350
March <2 5§23 . | <380
April 3¢£2 B - 3,76 %184
May <3 < ‘
June <3 <5 - % © <350

NOTE. Error terms ave based on the ¢ sigmy cwnt%ng
error for the singte analysis.
. Neminal vﬁ%es for thae minim detecmh- actfvity
ﬂ'e Tisted 1n Appéndi
= No sample cn‘lieeteé
sz wnit equivalent: - 1 PC/1om 0. 037 B/
29 pCi/t = 0.78 Bqﬁ
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Date

Boulder

1986
2nd Q - 04/23/86
3rd Q - 07/30/86
4th Q - 11/28/86
Annual Data

1st Q - 02/18/87
2nd Q - 05/19/87
Golden
1986
2nd Q - 04/23/86
3rd Q - 07/30/86

4th Q - 11/19/86
Annual Data

Ist Q - 01/21/87
2nd Q - 05/13/87

TABLE E-9
WATER SURVEILLANCE SUMMARY
QUARTERLY COMPARISON DATA
BOULDER AND GOLDEN
1986 and 1987

ALPHA BETA
(pC1/1) (pCi/1)
<2 <5
<2 <5
<2 <5
<2 <5
<2 <5
<3 <5
<3 <5
4 £ 2 74
<3 <5
<3 <6
<3 <5
<3 <5

TRITIUM
(pC1/1)

<350
<350
<350
<350

<350

417 o 170
<350
<350
<367

<350

NOTE Error terms are based on the 2 sigma counting

error for the single analysis

Nominal values for the minimum detectable activity

are Tisted 1n Appendix III

* = No sample collected

SI unit equivalent 1 pCi/n
20 pC1/1

Page 15

0 037 Bqg/1
0 74 Bg/1




 TABLE F )
PLUTONIUM AND TOTAL ALPHA

: ONCERTRATIONS INWATER
© .. - “dune 1987 T
UATE Pl T T T 1otal A gm
Station Month/Day/ QTR {pCis) (pcis1)
RF Pond B-3  11/85 0.05 #0.01 <4
Broomfield 06/84 - <0.01 T«
Noman Creek 2nd qtr 87 0.01%.0.00 . ° 6
2nd qtr 86 <0.01 ~ <5
Westminster 11/85 3 .
05/84 <3 -
Boul der * /86 . - < @ & -
06/8% 6,01 -
Gol den 11/85 * <0.01 DT
07/84 ©@.01 - 5 :
01/84 » <0.01 3
NTM 07/84 6.01 <3
05/87 <001 Gl

1

NOTE  The 95%/° confidénce interval for total-alpha-analysis-is.
propagated from the sample count and backyrauhd counts. |
The: 95¢/* confidence interval for plutdnfum afialysis fs -
propagated from the samplé¢ count, theé backgragnd count, the
tracer count, the tracer backgrdund count, and the :
contribution of tracer progény to” the sagple count. :
Nominal values for the minimums detactable activity are ligted
in Appendix II1. o , -
The standard for general population exposure ¥or soluble Pu is

"1600 pCi/1

- - ) i
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On-S1ite (Security)

Douou o
|
S W

On-Site (Perimeter

Uoouuo
]
(o= BN V]

0ff-Sate (Metro)

BROCMF IELD
ADAMS CITVY
ARVADA
AURORA
BCULDER
DENVER
ENGLEWOOD
GOLDEN
LAKEWOOD

0ff-Site (Remote)

APPENDIX I
ROCKY FLATS PLANT AIR SURVEILLANCE
STATION IDENTIFICATION

Location

Easter~ perimeter at the
securaity fence,

}Rocky Flats Plant,
North to south

SE
NE Rocky Flats Plant,
Plant Boundary

Garden Office Center
4301 East 72~d Avenue
8101 Ralstor Road
1633 Florence Street
13th « Spruce

414 - léch Screec
4857 South Eroaaway
911 - 10th Street

260 South K:opling

CCLORADO NATIONAL MONUMENT

DUR 4NGO
Lisn?
LEADVILLE

STZALING

Fi-e Statio-
Muricipal Ceoplex
510 Yar~ison Avenue
3rd & 4s> S:treet

Coloracdo Department of Health - Radiation Cortrol Divisionm

RPev 4787

23 /26




. May 1967 B
¥« “ URANTUM. ALPHA
Station Date (ug/1) - (pCiJY) (pC1/1)
R.F Pond A-3 03/14/84 5.2 , 3.5 5
10/23/85 <3 : @ - <4
06/12/87 5.1 3.4 18 .
{
RF Pond A-4 04/08/87 91 | 66 - 33
04/22/87 - 12 7.7 8
- |
R F Pond B-3 04/87 composite 52 , 3.5 <5
R.F Pond B-4 05/06/87 .8 2.5 5
R F Pond B-5 03/2/8%2, 10 - 6.7 10
" 04/88/87 11 | 7.4 6
04/22/87 7 <3 .- <2 <5
Walnut Creek 04/87 composite 5.6 3.7 <A
at Indiana , : e
Broomfield 04 87 compogite 3.0 2.0 <4 -
Woman Creek 02/28/84 3.9 2.6 <A
at Indiana 05/28/86 <3 <2 <5
06/01/87 <3 <2 ‘5
Westminster 04 87 composfte 3 B T S U
Arvada 11/19/86 <3 . <2 &
1
Boulder 11/28/86 23 <2 @
Golden : £ i’?
North Table 12/20/84 4.2 ,* 2.8 4
Mountain

TABLE G

NATURAL URANIUM AND TOTAL ALPHA
CONCENTRATIONS IN WATER

r

NOTE Total Alpha error terms a:re b&sed on the

2 sigma

counting error for thé single a.uTysis.

Nominal values for the minimup detectable
activity are Tisted in Appendix IIl.




APPENDIX II, CON'c

Insoluble Soluble
Water {(oCi/1) (pC1/1)
Unidentified radionuclides? 10 10
Unidentified radionuclides3 1,000 1,000
Americium=~241 10,000 1,300
Carbon~14 - 260,000
Cerium~141 30,000 30,000
Ceraium~144 3,300 3,300
Cesium-137 13,000 6,600
Cobalt-60 10,000 16,000
Hydrogen-3 {(Tritium) 1,000,000 1,000,000
Iodine-129 66,000 20
Jodine-131 20,000 100
Lead-~210 66,000 33
Niobium-95 33,000 33,000
Pluconium-238 10,000 1,600
Plutonium-239 16,000 1,600
Poloniun-210 10,000 230
Radium~226 10,000 10
Ruthenium~-103 26,000 26,000
Ruthenium-106 3,300 3,300
Strontium-90 13,000 100
Uraniumn-Natural 10,000 10,000
Yrtriem-91 10,000 10,000
Zinc-65 66,000 33,000
Zirconium-95 20,000 20,000
1 Concentrations may be averaged over a period not greater than a vear
2 Any single radionuclide which decays bv alpha emission ar spontaneous fission

3 Any single radionuclide with a decav mode other than alpha emission or
spontaneous fission and w.th 2 radiocactive half-life greater than 2 hours

CLolorado Deparc~ert of Health R v 7w 2

957%Up



APPENDIX II

The maximum permissible cencnﬁ:rltions (MPCs) btlew are &ttsé en.raeudntgﬂasiﬁnsw
of the Internagfomnal Comni:aion on Radiological 1:¢ttgg$¢n,{§cnz§, tha-Hatianal
Council on Radiatioa Protection (NCRP) and the fldt!li Radistion Counéil ££§§3
These recommendations are. ¢porated in the regulation® of the Celéiiﬁﬁ Vo«
Deparrtment of Health 3ndr:hasq,of the Nuclear Regulatory Commission *ﬁﬁa
levels stated are those relating to general gﬂpu&l%ién iaiesutas +o tid£On

nuclides in effluent air aud-siater 1 . :

Air

Unidentified radionuclides?
Unidentified radionuclideg3
Americium-241

Carbon-14

Cerigm~141

Cerivm~144

Cesium~137

Cobalt-60

Hydrogen-3 (Tritium)
Iodiqe—lZ?

Iodine-131

Krypton-85 _

Lead-210

Niobium-95 -
Plutonium-238

Pluronium-239

Polonium~210

Radium-238

Radon~220

Ruthenium~103

Ruthenium~106

Strontium-90

Uranium-Natural : :
Yenon~-133 100,000 106,000
Yterium-91 330 ' 330
Zinc-65 660 1,300
Zirconium-95 330 : 1,300

Coloraue 1 sartmesrs 9f Health = R & '€ Dy pdge




